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Description 

Technical Field 

5 [0001 ] The invention is directed to inhibiting viral morphogenesis and viral infection. In particular, it concerns effecting 
such inhibition by inhibiting the prenylation or post prenylation reactions of a viral protein. 

Background Art 

10 [0002] It has been shown that certain membrane-associated proteins require the addition of lipophilic residues In 
order to function properly. One family of such modifications is termed "prenylation" because the hydrophobic residue is 
derived from Isoprenold precursors. The prenyl residue Is known to attach to the sulfhydryl group of a cysteine which 
has been shown in a number of membrane-associated proteins to be contained in a "CXXX" (SEQ ID N0:1) box at the 
carboxy terminus of the substrate protein. In particular, one such membrane-associated protein has been shown to be 

15 the protein product of the ras oncogene. Summaries of these reactions conferring hydrophobic properties on mem- 
brane proteins, including prenylation, have appeared by Hoffman. M., Science (1991) 254:650-651 . and by Gibbs. J.B.. 
fieU (1991) 65:1-4. 

[0003] In addition, in many cases, prenylation Is a first step in a series of further reactions which modify the carboxy 
terminus of prenylated proteins. These prenylation initiated, or post-prenylatlon reactions include carboxymethylation 
20 and proteolysis. 

[0004] In the prenylation substrate proteins studied to date, the CXXX (SEQ ID NO: 1) box contains aliphatic residues 
in the second and third positions and a leucine, serine, methionine, cysteine or alanine in the terminal position. Thus, 
in the CXXX (SEQ ID NO: 1) boxes so far studied, the box itself Is relatively hydrophobic. 

[0005] It has now been found that prenylation of a viral protein Is necessary for the morphogenesis of hepatitis delta 
25 virus (HDV). This is the first demonstration that viral proteins are subject to prenylation. Furthermore, certain functional 
consequences can be ascribed to prenylation. The viral protein which is the target of prenylation, surprisingly contains 
a hydrophilic CXXX (SEQ ID N0:1) box of the sequence Cys-Arg-Pro-GIn (SEQ ID N0:2). Prenylation, or prenylation- 
Inltlated modification, of this relatively hydrophilic CXXX (SEQ ID N0:1) box and corresponding CXXX (SEQ ID N0:1) 
boxes (hydrophilic or otherwise) or other cysteine-containing sequences near the C-termlnus of proteins in other virions 
30 are suitable targets for antiviral strategies. 

[0006] These targets can now be seen to Include, but are not limited to, proteins of hepatitis A virus (HAV). hepatitis 
C virus (HCV), herpes simplex virus (HSV), cytomegalovirus (CMV), varicella-zoster virus (VZV), influenza virus, plant 
viruses such as tobacco mosaic satellite virus (TMSV) and barley stripe mosaic virus (BSMV), the core antigen of hep- 
atitis B virus (HBV) and the nef gene product of human immunodeficiency virus-1 (HIV-1) - especially since nef has 
35 been shown to play an important role in the development of AIDS. (Kesstler, H.W. Ill, et al. £M (1991) £5:651-662. 
Accordingly, inhibition of the prenylation of these target proteins or the post-prenylatlon reactions thereof is claimed to 
be inhibitory to the progress of these infections. 

Diy;losureofthe Invention 

40 

[0007] The invention provides methods to interfere with viral morphogenesis, production, release or uncoating both 
in vitro and in vivo. Agents which interfere with the prenylation of, or the post-prenylatlon reactions of. at least one viral 
protein are provided to Infected cells to halt the viral infection. Such cells may be in culture or may be contained In an 
animal or plant subject. 

45 [0008] Thus. In one aspect, the invention is directed to the use of an agent effectively interfering with the prenylation 
of, or the post-prenylatlon reactions of. at least one viral protein in the manufacture of a medicament for the inhibition of 
virion morphogenesis, production, release or uncoating. In another aspect, the invention is directed to an assay method 
for screening candidate drugs for their ability to inhibit prenylation. In a third aspect, the invention is directed to the use 
of an agent effective to inhibit prenylation of, or the post-prenylatlon reactions of, a viral protein in the manufacture of a 

50 medicament for the treatment of viral infection. In preferred embodiments, the viral protein is the large delta antigen of 
the hepatitis D virus, core antigen of HBV, or the nef protein of HIV. 

Brief Descriotion of the Drawinos 

55 [0009] 

Figures 1 A and IB are photocopies of Immunoblots of proteins obtained by lysis of viral-infected cells expressing 
viral proteins and treated with tritiated mevalonate. 
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Figures 2A and 2B are photocopies of immunoblots of proteins derived from lysates of cells containing wild type or 
mutant viral proteins and labeled with tritiated proline or mevalonate. 

Figures 3A, 3B, 3C and 3D are photocopies of Immunoblots of various cell supernatants containing viral proteins. 
Figure 4 is a diagrammatic representation of the progress of HDV morphogenesis. 

5 

Modes of Carrying Out the Invention 

[001 0] Hepatitis delta virus (HDV) infections cause both acute and chronic liver disease and can be fatal (1,2). This 
RNA virus contains a 1 .7 kb single-stranded circular genome and delta antigen, the only known HDV-encoded protein. 

10 These elements are encapsulated by a lipid envelope in which hepatitis B virus surface antigens are embedded (3). 
which explains why HDV infections occur only in the presence of an accompanying HBV infection (4, 5). Two isoforms 
of delta antigen exist in infected livers and serum (6, 7). This heterogeneity arises from a unidirectional mutation at a 
single nucleotide in the termination codon for delta antigen (codon 1 96: UAG UGG), which occurs during replication 
(8). Thus, although small delta antigen is 195 amino acids long, large delta antigen Is identical in sequence except that 

15 it contains an additional 19 amino acids at its COOH terminus. Although both forms of delta antigen contain the same 
RNA genome binding domain (9), they have dramatically different effects on genome replication. The small form is 
required for replication, whereas the large form is a potent transdominant inhibitor (10.11). 

[001 1 ] The last four amino acids of large delta antigen are Cys-Arg-Pro-Gln-COOH (SEQ ID N0:2). This COOH-ter- 
minal configuration, termed a CXXX (SEQ ID N0:1) box (where C is cysteine and X Is any amino acid), has been impli- 
20 cated as a substrate for prenyltransferases that add to the cysteine 1 5 (farnesyl) or 20 (geranylgeranyl) carbon moieties 
derived from mevalonic acid (12-14). The resulting hydrophobic modification may aid in membrane association of the 
derivatized protein, as suggested for p21 Ras(15, 16)andlamln B(12. 17). We have now demonstrated that large delta 
antigen is similarly modified. 

[0012] Other virions also contain suitable target sequences for prenylation. These sequences are near the carboxy 
25 terminus of the viral protein targeted, and may be in the form of CXXX (SEQ ID N0:1 ) boxes, but the cysteine may also 
be closer to the C-terminus, including a position as the C-terminat amino acid, as is the case of the core antigen of hep- 
atitis B virus (HBV) and the nef gene product of HIV-1. 

[001 3] To determine whether large delta antigen is a substrate for prenylation, we labeled three cell lines, SAG. LAG, 
and GP4F, with [^HJmevalonic acid. GP4F cells are a derivative of NIH 3T3 cells (1 8). SAG (19) and LAG (20) cells are 
30 derivatives of GP4F cells that stably express the small and large delta antigens, respectively. 

[0014] Labeled cell lysates were analyzed on immunoblots (Fig. 1 A) to detect steady-state amounts of small and large 
delta antigen. The lysates were also subjected to immunoprecipitatlon with an antitxxly to the delta antigens (anti- 
delta), SDS polyacrylamide gel electrophoresis (SDS-PAGE), and fluorography (Fig. 1 B). 

[001 5] In more detail, referring to Fig. 1 , large delta antigen is shown to be prenylated in cultured cells. The cell lines 
35 SAG {19) (lane 1), LAG (20) (lane 2), and GP4F (75) (lane 3) were grown overnight in Lovastatin (25 ^M) and (R,S)- 
[5-^H]mevalonate.(140 mM)) (30), and .lysed in RlPA buffer [50 mM Tris (pK7.5), 150 mM NaCI, 1% NP-40. 0.5% 
sodium deoxycholate,^0.1% SDS).(20), (A).A|jquots were subjected to immundypt analysis ( 1 1). The Wot was treated 
with serum from an HDV-lnfectecl patient that contained antibody to delta antigen (a-5Ag) and horseradish peroxidase- 
conjugated rabbit antibody to human immunoglobulin G (IgG) (Promega), followed by chemiluminescence (Amersham) 
40 development. (B) Immunoprecipitates (with a-6Ag) from cell extracts were subjected to SDS-PAGE and fluorography. 
As shown in Figure 1 , S. small delta antigen, L, large delta antigen. Molecular size i^rkers are shown at the left (in kilo- 
daltons). * 

[001 6] Thus, the large, but not the small, antigen was labeled with [^H]mevalonic acid, suggesting that large delta anti- 
gen undergoes prenylation in cultured cells. 

45 [0017] We obtained similar results using in vitro translation reactions (1 3) performed in the presence of [^Hjproline or 
[^Hjmevalonate (Fig. 2). Fig. 2. also shows mutation of Cys^^^ of large delta antigen to Ser and loss of prenylation. In 
vitro translation reactions were performed with rabbit reticulocyte lysates (Promega) in the presence of either (A) L- 
[2,3.4,5-^H]proline (19 ^M) (94 Ci/mmol, Amersham) or (B), [^l-fl mevalonate (200 ^iM) (30). For (A) and (B), translation 
reactions contained small delta antigen mRNA (lane 1); large delta antigen mRNA (lane 2); water (lane 3) ; or large delta 

50 antigen (Cys^^ ^ -> Ser) {20) mRNA (lane 4). A portion (20 ^1) of each reaction was added to 1 ml of RlPA buffer, immu- 
noprecipitated with q-5Ag, and analyzed as described (Fig. 1). 

[001 8] Both the srivaA] and the tafr^e antigens were labeled with [^H]proline (Fig. 2 A), whereas only the large isoform 
was labeled with [^HJmevalonate (Fig. 2B). To determine whether modification by [^Hjmevalonate was dependent on 
the presence of Cys^'' ^ in the terminal CXXX (SEQ ID N0:1 ) box, we constructed a mutant that contains a serine at this 
55 position (20). Cys^^ ^ is the only cysteine in large delta antigen. Mutating Cys^^ ^ to Ser did not interfere with the synthe- 
sis of large delta antigen (Rg. 2A) but abolished its modification by [^HJmevalonate (Fig. 2B). 
[0019] The specific type of mevalonate modification of large delta antigen appears to be geranylgeranyl rather than 
farnesyl (21). Although the first described CXXX (SEQ ID NO: 1 ) boxes contained aliphatic residues at the first and sec- 
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ond positions after Cys, other types of amino acids can be found in prenylation sites (13, 14). It is not clear whether the 
COOH-terminal sequence Cys-Arg-Pro-Gln-COOH (SEQ ID N0:3), which differs from that of previously described 
CXXX (SEQ ID N0:1) boxes, implies the existence of a novel prenylation enzyme or whether It reflects a broader sub- 
strate specificity of known prenyltransferases. 
5 [0020] For HDV particle fornration, delta antigen and associated genomes are presumably targeted to cell mem- 
branes that contain HBV envelope proteins. We hypothesized that prenylation of large delta antigen could be involved 
in this process. We first examined whether large delta antigen was sufficient for HDV-like particle formation. HBV sur- 
face antigen (HBsAg) was expressed transiently in COS-7 cells together with small or large delta antigen. Virus-like par- 
ticles consisting of delta antigen packaged into HBsAg-oontalning envelopes were analyzed by Immunoprecipitation of 
10 clarified media supernatants with an antibody to HBsAg (anti-HBs). 

[0021] Fig. 3 shows particle formation with large delta antigen and HBsAg. For panels (A) and (B), COS-7 cells were 
transiently transfected with the following plasmids: SV24H, which expresses HBV surface antigen (37), and SVLAg, 
which expresses small delta antigen {19) (lane 1); SV24H and SVL-large. which expresses large delta antigen {20) 
(lane 2); and calcium phosphate precipitate without DNA (lane 3). In (C) and (D). COS-7 cells were transfected with 
15 SV24H and SVL-large (lane 4); SV24H and SVL-large (Ser^^ ^) {20) (lane 5); and calcium phosphate precipitate without 
DNA (lane 6). For (A) and (C), 48 hours after transfection, HBsAg-containing particles were immunoprecipitated from 
2-ml allquots of clarified media supernatants with anti-HBs {31) and subjected to immunoblot (with a-SAg) and chemi- 
luminescence analyses as described (Fig. 1). For (B) and (D). the transfected cells were harvested in cell lysis buffer 
[50 mM Tris (pH 8.8), 2% SDS] with protease inhibitors (20), and aliquots subjected to protein immunoblot and chemi- 
se luminescence analyses. Molecular size markers are shown at the left (in kD). 

[0022] The presence of delta antigen in the immunopredpitates was assayed by immunoblot analysis (Fig. 3A). 
Although both small and large antigens were synthesized in the transfected cells (Fig. 3B), only the large isoform was 
incorporated into secreted HBsAg-containing particles (Rg. 3A). Similar selective packaging has been observed (22). 
[0023] We then examined the function of mevalonate modification in this particle formation. One explanation for the 
25 preferred packaging of large delta antigen is that the small antigen lacks the CXXX (SEQ ID N0:1) box and therefore 
cannottindergo modification. The Cys^^^ -> Ser mutant of large delta antigen should behave like small delta antigen 
and not be packaged. This was indeed found to be the case. Whereas both wild-type and Ser^''^ mutant large antigens 
were synthesized in transfected cells (Fig. 3D), only the wild-type form was packaged into particles (Fig. 30). Thus, the 
mutated form of large delta antigen is not prenylated and cannot form particles with HBsAg. 
30 [0024] Our results suggest that prenylation of large delta antigen is required for the formation and release of particles 
containing delta antigen and HBV surface antigens. The requirement of a prenylation site for productive viral infection 
is further suggested by other mutations of the CXXX (SEQ ID N0:1) box (23) and by the conservation of Cys^^^ and a 
CXXX (SEQ ID N0:1) box motif among all sequenced HDV isolates (24). 

[0025] The ability of large, but not small, delta antigen to be prenylated and packaged into virus particles further high- 
35 lights the significance of the mutation-Induced heterogeneity at the termination codon of tiie small delta antigen. During 
HDV replication, S genomes (encoding the small antigen) mutate to L genomes (encoding the large antigen). At least 
two effects attributable to this mutation can be distinguished (see Fig. 4). Fig. 4 shows the regulatory switch of S 
genomes to L genomes. During replication, S genomes encoding tiie small delta antigen mutate to L genomes, which 
encode the large delta antigen. This single base mutation has two effects on the COOH-terminus of delta antigen. The 
40 first is to change the nature of the COOH-terminal amino acid; Pro (P), which enhances genome replication {20), is 
replaced by Gin (Q), resulting in inhibition of genome replication. The second effect is the creation of a target prenyla- 
tion site (CRPQ) (SEQ ID N0:3), C, cysteine; R, arginine; P. proline; Q, glutamine. 

[0026] Thus, the first effect is the conversion of an enhancer of genome replication (small delta antigen) into a potent 
trans-dominant inhibitor (large delta antigen) (10. 11). This dramatic difference in function appears to be determined 

45 solely by the nature of the COOH-terminal amino acid with proline being sufficient to confer enhancer activity (1 1 , 25). 
The second effect is the addition of a CXXX (SEQ ID N0:1) box to delta antigen, which allows the protein to be pre- 
nylated and presumably promotes its incorporation into HBsAg-containing particles. The combined effects of the switch 
from production of small to large delta antigen thus appear to have two roles: to suppress further genome replication 
and to promote the onset of packaging and virion morphogenesis. 

so [0027] Our results suggest prenylation as a new target for anti-HDV therapy and for antiviral therapy with respect to 
other viruses with prenylated proteins. Such tiierapy is directed at inhibiting virion morphogenesis, production, release 
and uncoating (functionally the reverse reaction of virion morphogenesis). In light of the increasingly apparent degen- 
eracy of the four C-terminal amino acids required to function as a prenylation substrate, a cysteine located at any of 
these C-terminal positions is also considered to identify a potential target of antiprenylation therapy 

55 [0028] Several sti'ategies designed to interfere with tiie prenylation stage of the HDV life cycle may be considered, 
Including drugs that inhibit enzymes along tiie prenylation pathway, and CXXX (SEQ ID N0:1) box analogs. Both ther- 
apies have been considered for the inhibition of ras-mediated oncogenic transformation (26). Tetrapeptides that corre- 
. spend to the CXXX (SEQ ID N0;1) box of p21 Ha-Ras inhibit pr nylation of p21 Ha-Ras in vitro (27). Finally, tfie dual 
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function of large delta antigen In the HDV life cycle suggests a further refinement of a proposed (1 1 ) defective interfering 
particle- (DIP) (28) like therapy aimed at cells infected with actively replicating S genomes. Because L genomes require 
a source of small delta antigen for replication (19, 29) but. once replicated, produce a potent trans-dominant inhibitor of 
further replication, a therapeutically administered L genome DIP could b specific for infected cells, as well as possess 
5 an inherent shut-off mechanism (11 ). If the L genome also contained the Cys^^ to Ser mutation, it could encode a delta 
antigen that not only inhibits replication but also affects packaging. 

[0029] Accordingly, new approaches to antiviral therapy and inhibition of viral morphogenesis focus on inhibition of 
the prenylation of, or post-prenylation reactions of, at least one viral protein. This may be effected by contacting cells 
infected with the target virus with an effective amount of an agent which inhibits the prenylation of, or post-prenylation 

10 reactions of. at least one viral protein. Such agents include inhibitors of formation of the prenyl groups which are deriv- 
ative of the mevalonate synthesis pathway. Other agents include decoys for the target sequence for prenylation. includ- 
ing small peptides, including tetrapeptides and other compounds which mimic the surroundings of the cysteine residue 
to he prenylated. For example, Reiss, Y, et al. CM (1990) 62:81-88 report prenylation inhibition by C-A-A-X tetrapep- 
tides. As set forth above, the cysteine residue to be prenylated is generally found at the cartx)xy terminus of the target 

15 protein; although the most common target sequence involves a CXXX (SEQ ID N0:1) box. cysteines positioned closer 
to the C-terminus may also be targeted; thus, the relevant peptides may include those of the form XCXX. XXCX, and 
XXXC (SEQ ID N0:4, SEQ ID N0:5. and SEQ ID N0:6). Other agents include derivatives and mimics of prenyl groups 
themselves. Other suitable agents include Inhibitors of the prenyltransferase enzymes and of enzymes that catalyze 
post-prenylation reactions. 

20 

Assay Q< Canijiijate Inhibitprg 

[0030] The present invention also provides a method to screen candidate drugs as prenylation inhibitors by taking 
advantage of the requirement for prenylation in order to effect secretion of certain prenylated proteins. For those pro- 

25 teins for which secretion requires prenylation. the assay can be conducted in a direct and simple manner Cells that 
secrete, or that have been modified to secrete, a first protein whose secretion is dependent on prenylation are used as 
the experimental cells. A second protein which does not depend on prenylation for secretion is used as a control. TTiis 
control protein may be seaeted by the same or different host cells as the first protein. The candidate drug is applied to 
cells that secrete both proteins, or to matched sets of cells that secrete each. Secretion can readily be assessed by 

30 assaying the cell supernatants for the presence or absence of the first and second secreted proteins using, for example, 
routine ELISA assays. Successful candidate drugs will not inhibit the secretion of tiie control protein, but will Inhibit the 
secretion of the protein in the test sample wherein prenylation is required for secretion. 

[0031] The large delta antigen of HDV is a viral protein for which prenylation is a prerequisite for secretion. Thus, this 
protein forms, itself a key part of a useful test system for the assay. Cells that are modified to secrete a protein for which 

35 prenylation is not required can be used as controls. If large delta antigen is used as the test protein, it Is advantageous 
to use HBsAg as the control protein in the same cell since HBsAg is also required for secretion of delta antigen. 
[0032] The foregoing assay, of course, requires that the inhibitor interfere with the prenylation system for large delta 
antigen or for any other prenylation-controlled secreted protein used in the assay A range of prenyl transferases and 
prenyl groups is known to apply to various proteins for which prenylation inhibitors are required or sought. Some of 

40 these proteins are not secreted, whether they are prenylated or not; one such example is the protein product of the ras 
oncogene. 

[0033] Nevertheless, the assay system described can be employed to screen for inhibitors of prenylation in these non- 
secreted proteins by providing the target "CXXX" (SEQ ID N0:1) box characteristic of the nonsecreted protein in place 
of the corresponding "CXXX" (SEQ ID N0:1 ) box of the secreted one. The resulting chimeric protein will exhibit the pre- 

45 nylation characteristics of the imported "CXXX" (SEQ ID N0:1) box characteristic of the nonsecreted protein, but retain 
the ability of the host secreted protein to be passed to the supernatant for assay. Thus, the range of target proteins for 
which prenylation Inhibitors are sought by use of the assay can be expanded to nonsecreted proteins. 
[0034] The presence of a conti'ol system which provides secreted protein not dependent on prenylation is critical. The 
presence of this control allows candidate inhibitors which merely are toxic to the cells, or which inhibit secretion in gen- 

50 eral, to be discarded. Prenylation inhibitors identified by one of the variations of the above described assay are 
expected to find use not only in the inhibition of viruses, but also in other processes or disease states - Including but 
not limited to cancer in which a prenylated protein is found to be involved. 

[0035] Evidentiy. prenylation of viral proteins is a prerequisite for additional post-prenylation reactions of the proteins 
such as proteolysis and carboxymethylation. The essential sequence of steps can be interfered with at the most con- 
55 venient point for the viral protein in question. 
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Administration of the Inhibitors 

[0036] Additional viral proteins subject to prenylation can be obtained by screening amino acid sequence data banks 
for viral proteins which contain a "CXXX" (SEQ ID N0:1) box at the C-terminus. An illustrative list of such proteins 

5 includes, for example, specific proteins of HAV, HCV. HSV, CMV, VZV. influenza virus, plant viruses such as tobacco 
mosaic satellite virus and barley stripe mosaic virus, core antigen of hepatitis 6 virus and the nef gene product of HIV 
I, as set forth above. These candidates for suitable prenylation targets can be validated in a manner similar to that 
described above by providing labeled mevalonic acid to cells infected with or containing the appropriate viruses or viral 
gene products, and assessing the prenylation status of the viral proteins obtained using incorporation of label as the 

10 criterion. Furthermore, the role of prenylation in the morphogenesis of the respective virions, and its suitability as a tar- 
get for anti-viral therapy, can also be validated in a manner similar to that described above. 

[0037] If viral morphogenesis, production, release or uncoating are to be inhibited in culture, suitable host ceils are 
used to culture the virus, and the agents used in inhibiting prenylation or post prenylation reactions added to the 
medium, tf the infected cells are contained In an animal subject, such as a mammalian subject or in particular a human 

15 or other primate subject, the agent used for the prenylation inhibition is generally introduced as a pharmaceutical for- 
mulation. Suitable formulations depending on the nature of the agent chosen may be found in Remington's Pharmaceu- 
tical Sciences, latest edition. Mack Publishing Co., Easton, PA. The routes of administration include standard such 
routes, including administration by injection, oral administration, and transmucosal and transdermal administration. The 
choice of formulation will depend on the route of administration as well as the agent chosen. Suitable mixtures of agents 

20 can also be used as active ingredients. For administration to plants, formulations which are capable of conducting the 
active ingredients into plant cells are used as carriers. 
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(2) INFORMATION FOR SEQ ID NO: 2: 

(i) SEQXJENCE CHARACTERISTICS; 

(A) LENGTH: 4 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 



'0 (Xi) SEQUENCE DESCRIPTION: SEQ ID NO:2: 
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1 

(2) INFORMATION FOR SEQ ID Nd:3: 

IS 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 4 amino acids 

(B) TYPE: amino acid 
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20 
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25 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 3: 

Cys Arg Pro Gin 
1 

(2) INFORMATION FOR SEQ ID N0:4: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 4 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

35 



Xaa Cys Xaa Xaa 

40 1 

(2) INFORMATION FOR SEQ ID NO: 5: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 4 amino acids 

(B) TYPE: amino acid 
45 (C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 5: 
Xaa Xaa Cys - Xaa 
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(2) INFORMATION FOR SEQ ID NO: 6: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 4 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 



70 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:€: 

Xaa Xaa Xaa Cys 
1 

15 



Claims 

20 

1. The use of an agent which inhibits the prenylation of, or a post-prenylation reaction of, at least one viral protein in 
the manufacture of a medicament for the inhibition of virion morphogenesis, production, release or uncoating. 

2. The use according to claim 1 , wherein the agent is an inhibitor of prenyl group synthesis, is an inhibitor of prenyl 
25 transferase, the agent mimics a prenyl group or mimics the prenylation locus of the viral protein. 

3. The use according to claim 1 or 2. wherein the viral protein contains a C-terminal amino acid sequence of the for- 
mula CXXX, XCXX. XXCX or XXXC wherein C is cysteine and each X independently presents any amino acid 
and/or the agent interferes with a post-prenylation reaction. 

30 

4. The use according to any preceding claim wherein the virion is hepatitis D virus (l-IDV) and the viral protein is the 
large delta antigen of HDV, and preferably the inhibition Is effected by a transdominant inhibitor of replication mod- 
ified to resist prenylation. 

35 5. The use according to any one of claims 1 to 3 wherein the virion is human immunodeficiency virus and the viral 
protein is the nef protein. 

6. The use of an agent which inhibits the prenylation of, or inhibits a posti3renylation reaction of, a viral protein in the 
manufacture of a medicament for the treatment of viral infection. 

40 

7. A method of inhibiting virion morphogenesis, production, release or uncoating in a plant, the method comprising 
administering to the plant an agent which inhibits the prenylation of, or inhibits a post-prenylation reaction of, a viral 
protein. 

45 8. A method of screening a candidate drug as a prenylation inhibitor, the method comprising: 

(a) providing cells which secrete or which have been modified to secrete a first protein containing a "CXXX" 
box and second control protein where secretion of the first protein is dependent on prenylation and secretion 
of the second control protein is not dependent on prenylation, wherein the cells that secrete the first and see- 
so ond proteins respectively may be the same or different; 

(b) contacting the cells with a candidate drug under conditions wherein the control second protein is secreted: 
and 

(c) determining the presence, absence or amount of the first protein secreted from the cells; 

wherein a candidate drug which decreases or abolishes the amount of secreted first protein is an effective pre- 
55 nylation inhibitor. 

9. A method according to daim 8 wherein the first protein is a large delta antigen. 
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1 0. A method according to claim 8 wherein the first protein is a chimera consisting of a natively seaeted protein which 
has been modified to contain, in place of its "CXXX" box, the "CXXX" box of a different protein. 

Patentanspruche 

5 

1 . Verwendung eines Mittets, welches die Prenylierung oder eine Nach-Prenylierungsreaktion mindestens eines vira- 
len Proteins inhlbiert, bel der Herstellung eines Medlkamentes zur Inhibierung der Virion-Morphogenese, -Produk- 
tion, -Freisetzung oder -Enthullung bzw. -Hullfiffnung. 

10 2, Venwendung gemSB Anspruch 1, wobei das MIttel ein Inhibitor der Prenylgruppen-Synthese ist, ein Inhibitor von 
Prenyltransferase ist, das Mittel eine Prenylgruppe nachahmt oder die Prenylierungsstelle des viralen Proteins 
nachahmt. 

3. Venvendung gemdB Anspruch 1 oder 2, wobei das virale Protein eine C-terminale Aminosduresquenz der Formel 
IS CXXX, XCXX, XXCX Oder XXXC enthdit. worin C Cystein ist und jedes X unabhdngig fOr eine Aminosdure steht, 

und/oder das Mittel eine Nach-Prenylierungsreaktion stdrt. 

4. Venwendung gemSB einem der vorhergehenden Anspriiche, worin das Virion Hepatitis-D-Virus (HDV) ist und das 
virale Protein das groBe Delta-Antigen von HDV ist und die Inhibierung vorzugsweise durch einen transdomlnanten 

20 Inhibitor der Replikation bewirkt wird, entsprechend modtf iziert zur Resistenz gegen Prenylierung. 

5. Venvendung gemdB mindestens einem der Anspruche 1 bis 3. worin das Virion ein humaner Immunodefekt-Virus 
ist und das virale Protein das nef-Protein ist. 

25 6. Venvendung eines Mittels. welches die Prenylierung oder eine Nach-Prenylierungsreaktion eines viralen Proteins 
inhibiert, bei der Herstellung eines Medlkamentes zur Behandlung viraler Infektion. 

7. Verfahren zur Inhibierung der Virion-Morphogenese, -Freisetzung und -Enthullung in einer Pflanze, wobei das Ver- 
fahren das Verabreichen eines Mittels an die Pflanze umfaBt welches die Prenylierung oder eine Nach-Prenylie- 

30 rungsreaktion eines viralen Proteins inhibiert. 

8. Verfahren des Screenens eines Kandidaten-Arzneistoffes als einem Prenylierungsinhibitor, wobei das Verfahren 
folgendes umlaBt: 

35 (a) Bereitstellen von Zellen, welche ein erstes Protein, das eine "CXXX^-Box enthait, und ein zweites Kontroll- 

protein sezernieren oder zur Sezernierung modifiziert wurden, wobei die Sezernierung des ersten Proteins 
von der Prenylierung abhdngt und die Sezernierung des zweiten Kontrollproteins von der Prenylierung nicht 
abhdngt, wobei die Zellen, welche die ersten bzw. zweiten Proteine sezernieren, gleich oder unterschiedlich 
sein kOnnen; 

40 (b) Kontaktieren der Zelien mit einem Kandidaten-Arzneistoff unter Bedingungen, unter denen das zweite Kon- 

trollprotein sezerniert wird; und 

(c) Bestimmen der Anwesenheit, Abwesenheit oder der Menge des ersten von den Zellen sezernierten Prote- 
ins; 

45 wobei ein Kandidaten-Arzneistoff, welcher die Menge des sezernierten ersten Proteins vermindert oder aufhebt, 
ein wirksamer Prenylierungsinhibitor ist. 

9. Verfahren gemdB Anspruch 8, wobei das erste Protein ein groBes Delta-Antigen ist. 

50 10. Verfahren gemdB Anspruch 8, wobei das erste Protein ein Chimeres ist, bestehend aus einem nativ sezernierten 
Protein, welches dahingehend modifiziert worden ist, daB es anstelle seiner "CXXX"-Box die "CXXX"-Box eines 
anderen Proteins enthdit. 

Revendications 

55 

1. Utilisation d*un agent qui Inhibe la pr^nylation ou une reaction de postpr^nylation d'au moins une proteine virale 
dans la preparation d'un m^icament pour llnhibition de la morphog6n^se. de la production, de la liberation, ou de 
ia mise ^ nu d'un virion. 
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2. Utilisation selon la revendication 1 , dans laquelle I'agent est un inhibiteur de la synthase du groupe prenyl, un inhi- 
biteur de la prenyl transferase, I'agent mime un groupe prenyl ou mime le site de pr^nylation de la prot6ine virale. 

3. Utilisation selon la revendication 1 ou 2, dans laquelle la prot^ine virale contient une sequence d*acide amin^ en 
5 G-terminale de tormule CXXX, XCXX, XXCX ou XXXC dans laquelle C est une cysteine . et chaque X repr^sente 

ind^pendamment toute acide amin^ et/ou I'agent qui interfere avec une reaction de post-pr^nytation. 

4. Utilisation selon Tune quelconque des revendications pr6c^entes, dans laquelle le virion est le virus de I'h^atite 
D (HDV) et la prot^ne virale est le grand antig^ne delta de HDV. et de pr^^rence rinhibition est effectu^e par un 

10 inhibiteur transdominant de la r^lication qui est modif 16 pour roister k la pr^nylation. 

5. Utilisation selon Tune quelconque des revendications 1 ^ 3 dans laquelle le virion est un virus immunod^icient et 
la prot^ine virale est la prot^ine nef. 

15 6. Utilisation d'un agent qui inhibe la pr^nylation, ou inhibe une reaction de post-pr^nylation d'une prot^ine virale dans 
la preparation d'un medicament pour le traitement d'une I'infection virale. 

7. Une methode d'inhibition de la morphogen^se, de la production, de la liberation ou de la mise k nu d'un virion dans 
une plante, ladite methode comprenant I'administration k la plante d'un agent qui Inhibe la prenylation, ou inhibe 

20 une reaction de posti3renylation d'une proteine virale. 

8. Une methode de criblage d'un medicament candidat en tant qu'inhibiteur de la prenylation, ladite methode compre- 
nant : 

25 a) robtentlon de cellules qui secretent ou qui ont ete modif iees pour secreter une premiere proteine contenant 

une boTte '*CXXX" et une deuxieme proteine contrdle, la secretion de la premiere proteine est dependante de 
la prenylation et la secretion de la seconde proteine contrdle n'est pas dependante de la prenylation. dans 
laquelle les cellules qui secretent respectivement la premiere et la seconde proteine peut etre la mSme ou dif- 
ferente ; 

30 b) la mise en contact des cellules avec un medicament candidat dans des conditions ou la seconde proteine 

contrdle est secretee ; 

c) la determination de la presence, de I'absence. ou de la quantite de la premiere proteine secretee par les cel- 
lules ; 

dans laquelle le medicament candidat qui diminue ou abolit la quantite de la premiere proteine secretee est un 
35 inhibiteur efficace de la prenylation. 

9. Une methode selon la revendication 8 dans laquelle la premiere proteine est le grand antigene delta. 

10. Une methode selon la revendication 8, dans laquelle la premiere proteine est une chimere consistant en une pro- 
40 teine naturellement secretee qui a ete modifiee afin de contenir k la place de la boTte "CXXX", la boTte "CXXX" 

d'une proteine differente. 
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